CRYSTAL UNIT AND HOLDING STRUCTURE OF CRYSTAL UNIT 



BACKGROUND OF THE INVENTION: 

1 . Field of the Invention: 

5 The present invention relates to a quartz crystal unit having a high 

vibration frequency of 100 MHz or higher, and more particularly to a crystal 
unit having good aging characteristics and oscillating characteristics and a 
holding structure of such a crystal unit. 

2. Description of the Related Art: 

10 Crystal units having a quartz crystal blank housed in a casing are 

incorporated as a frequency control device, particularly a reference source of 
a communication frequency, in oscillators. In recent years, with the advent 
of optical communication systems, there have been demands for crystal 
units having higher vibration frequencies. To meet such demands, a crystal 

15 unit has been developed which has a recess defined in a resonating region 
of a crystal blank to reduce the thickness of the crystal blank in the recess for 
increasing the resonant frequency, and holds the resonating region with a 
relatively thick portion around the recess to provide desired mechanical 
strength. 

20 FIG. 1 shows a conventional crystal unit of such a design in exploded 

perspective. As shown In FIG. 1 , the conventional crystal unit comprises 
casing 5 made of laminated ceramics and having a recess defined therein, 
and crystal blank 2 accommodated in the recess in casing 5. Casing 5 is in 
the form of a substantially rectangular parallelepiped, and crystal blank 2 is 

25 of a substantially rectangular shape. A step is formed on one of side 
surfaces of the recess in casing 5, A pair of connecting terminals 7 is 



disposed on the upper surface of the step at its opposite ends for electrically 
connecting to crystal blank 2. A pair of mounting terminals (not shown) is 
disposed on the outer surface of casing 5 and used to surface-mount the 
crystal unit on a wiring board. The mounting terminals are electrically 
5 connected to connecting terminals 7 through via holes or the like that are 
defined in casing 5. 

Structural details of crystal blank 2 are shown in FIGS. 2A and 2B. 
Crystal blank 2 typically comprises an AT-cut quartz crystal blank. The AT- 
cut quartz crystal blank has its resonant frequency determined depending on 

1 0 the thickness thereof. The resonant frequency of the AT-cut quartz crystal 
blank is higher as the thickness thereof is smaller. To enable crystal blank 2 
to have a resonant frequency in excess of 100 MHz, hole portion 1 is defined 
centrally in one principal surface of crystal blank 2, making crystal blank 2 
thinner at the bottom of hole portion 1 than at a portion around hole portion 1 

15 with the thinner region serving as a vibrating region. In the vibrating region, 
excitation electrodes 3 are disposed respectively on the principal surfaces of 
crystal blank 2. Extension electrodes 4 extend respectively from excitation 
electrodes 3 toward respective opposite areas of a shorter side of crystal 
blank 2. Extension electrodes 4 are associated respectively with connecting 

20 terminals 7 on the step of casing 5. Extension electrode 4 which is disposed 
on the upper surface of crystal blank 2 as shown has its tip end folded back 
over the lower surface of crystal blank 2 as shown across the shorter side of 
crystal blank 2. The both ends of the shorter side of crystal blank 2 is fixed 
to connecting terminals 7 by electrically conductive adhesive 6, thus holding 

25 crystal blank 2 horizontally in the recess in casing 5 and electrically 

connecting extension electrodes 4 to connecting terminals 7. Therefore, the 
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mounting tenninals disposed on tlie outer surface of casing 5 are electrically 
connected to excitation electrodes 3 of crystal blank 2. 

After crystal blank 2 is fixed to the step in the recess in casing 5, a 
cover (not shown) is placed on casing 5 to seal the opening of the recess, 
5 thus hermetically sealing crystal blank 2 in casing 5. 

The crystal unit of the above structure has suffered the following 
problems because of crystal blank 2 being fixed in position by electrically 
conductive adhesive 6: Electrically conductive adhesive 6 comprises a 
polymer resin such as silicone or epoxy resin mixed with metal particles. 

10 When electrically conductive adhesive 6 Is hardened with heat, it bonds 
crystal blank 2 to casing 5. When electrically conductive adhesive 6 is 
thermoset, it emits an organic gas that is attached to crystal blank 2. An 
organic gas component that remains unremoved by cleaning or the like will 
subsequently be released and attached again to the vibrating region of 

1 5 crystal blank 2. When the assembly is exposed to a high temperature after 
crystal blank 2 is hermetically sealed in casing 5, electrically conductive 
adhesive 6 also emits an organic gas that will subsequently be attached to 
the vibrating region of crystal blank 2. If the organic gas component is 
attached to the vibrating region of crystal blank 2, the vibration frequency of 

20 crystal blank 2 or the like changes due to the mass addition effect or the like 
of the organic gas component, impairing the aging characteristics of the 
crystal unit. The higher the vibration frequency of crystal blank 2, the smaller 
the thickness of the vibrating region. Thus, if the vibration frequency of 
crystal blank 2 is higher, then the organic gas component that is attached to 

25 the vibrating region of crystal blank 2 is more detrimental to the aging 
characteristics of the crystal unit. 
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One solution would be to use a eutectic alloy having a low melting 
point, e.g., an inorganic material of AuSn (gold-tin) alloy, as a joining material 
for fixing crystal blank 2 to casing 5, instead of electrically conductive 
adhesive 6. However, since the joint made by a eutectic alloy has a high 
5 bonding strength, crystal blank 2 is strained due to the difference between 
the coefficients of thermal expansion of crystal blank 2 and casing 5. FIGS. 
3A and 3B show the manner In which crystal blank 2 is strained due to the 
difference between the coefficients of thermal expansion of crystal blank 2 
and casing 5. As shown In FIGS. 3A and SB, crystal blank 2 is bent under 

10 stresses applied between two outer peripheral points on crystal blank 2. The 
strain is propagated to the vibrating region of crystal blank 2, impairing the 
vibrating characteristics of crystal blank 2, in particular, frequency vs. 
temperature characteristics that will be represented by a cubic function curve 
if crystal blank 2 comprises an AT-cut quartz crystal blank. 

15 If crystal blank 2 is held at its opposite ends, then it will be strained to 

a greater extent because the vibrating region is positioned between the 
opposite ends than if crystal blank 2 were held at opposite sides at one end 
thereof. If the vibration frequency of crystal blank 2 is higher, then since the 
thickness of the vibrating region is smaller, crystal blank 2 will be strained 

20 more greatly. Though crystal blank 2 is also strained if it is fixed in position 
by electrically conductive adhesive 6, it is trained to a much larger extent if 
the eutectic alloy is used as the joining material. 

SUMMARY OF THE INVENTION: 
It is an object of the present invention to provide a high-frequency 

25 crystal unit which has good aging characteristics and vibrating characteristics. 
Another object of the present invention is to provide a holding 
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structure of a high-frequency crystal unit while allowing the high-frequency 
crystal unit to have good aging characteristics and vibrating characteristics. 

According to the present invention, the former object can be achieved 
by a crystal unit comprising a crystal blank having a hole portion defined in at 
5 least one principal surface thereof, providing a vibrating region in a portion of 
the crystal blank which is made thinner by the hole portion, excitation 
electrodes disposed respectively on opposite principal surfaces of the crystal 
blank in the vibrating region, extension electrodes extending respectively 
from the excitation electrodes to respective first and second positions on an 

10 outer peripheral portion of the crystal blank, and a casing, wherein the crystal 
blank has a fixed end electrically and mechanically connected to the casing 
by eutectic alloy in the first position, the extension electrodes being 
electrically connected to the casing by wire bonding In the second position. 
In one embodiment of the present invention, the crystal blank has a 

15 free end in the second position. 

According to the present invention, the latter object can be achieved 
by a holding structure of a crystal unit having a hole portion defined in at 
least one principal surface thereof, providing a vibrating region in a portion of 
the crystal blank which is made thinner by the hole portion, the crystal blank 

20 supporting thereon excitation electrodes disposed respectively on opposite 
principal surfaces of the crystal blank in the vibrating region, and extension 
electrodes extending respectively from the excitation electrodes to respective 
first and second positions on an outer peripheral portion of the crystal blank, 
the crystal blank having a fixed end electrically and mechanically connected 

25 to a holder by eutectic alloy in the first position, the crystal blank having a 
free end on which wire bonding wires are connected to the extension 
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electrodes in the second position. 

With the above arrangement of the present invention, since the crystal 
blank is fixed in position without the need for an electrically conductive 
adhesive, no organic gas is emitted, and no organic gas component is 
5 attached to the crystal blanl<. Therefore, the crystal unit keeps its good aging 
characteristics. As the crystal blank is supported only at its fixed end in the 
first position on the outer peripheral portion of the crystal blank, the crystal 
blank is free of strains which would otherwise be caused by the difference 
between coefficients of thermal expansion of the crystal blank and the casing. 
10 Accordingly, the present invention provides a high-frequency crystal unit 
which has good aging characteristics and vibrating characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS: 
FIG. 1 is an exploded perspective view of a conventional crystal unit; 
FIG. 2A is a plan view of a crystal blank in the conventional crystal 

1 5 unit; 

FIG. 2B is a cross-sectional view taken along line A-A of FIG. 2A; 
FIG. 3A is a perspective view of the crystal blank that is strained 
under stresses applied thereto; 

FIG. 38 is a cross-sectional view taken along line A-A of FIG. 3A; 
20 FIG. 4A is a plan view of a crystal unit according to an embodiment of 

the present invention, with a cover omitted from illustration; and 

FIG. 48 is a cross-sectional view of the crystal unit shown in FIG. 4A 
with the cover attached thereto. 

DETAILED DESCRIPTION OF THE INVENTION: 
25 In FIGS. 4A and 48 which show a quartz crystal unit according to a 

preferred embodiment of the present invention, the constituent elements of 
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the crystal unit which are identical to those of the conventional crystal unit 
shown in FIGS. 1A, 1B, and 2 are denoted by identical reference characters. 

The crystal unit according to the present embodiment comprises 
quartz crystal blank 2 housed in a recess defined in casing 5 and cover 1 1 
5 placed on casing 5 to hermetically seal crystal blank 2 In casing 5. Casing 5 
functions as a member for holding crystal blank 2. 

As shown in FIGS. 4A and 4B, crystal blank 2 comprises an AT-cut 
quartz crystal blank having a substantially rectangular planar shape, for 
example. Crystal blank 2 has substantially circular hole portion 1 defined 

10 centrally in one principal surface thereof. Crystal blank 2 has its thickness 
smaller at the bottom of hole portion 1 than outer peripheral portions thereof 
that are positioned outside of hole portion 1 . The thinner portion of crystal 
blank 2 serves as a vibrating region thereof, and the resonant frequency of 
crystal blank 2 is determined by the thickness of the vibrating region of 

15 crystal blank 2. 

The crystal unit has excitation electrodes 3 disposed respectively on 
the principal surfaces of the vibrating region and extension electrodes 4 
extending respectively from excitation electrodes 3 toward outer peripheral 
edges of crystal blank 2 at its opposite ends. Crystal blank 2 is fixed to the 

20 bottom of the recess in casing 5 by eutectic alloy 8 of AuSn on the outer 
peripheral edge at one of the opposite ends of crystal blank 2. In the 
position where crystal blank 2 is fixed to the bottom of the recess in casing 5, 
one of extension electrodes 4 is electrically and mechanically connected to a 
circuit pattem disposed on the bottom of the recess In casing 5. The outer 

25 peripheral edge at the other of the opposite ends of crystal blank 2 is placed 
on a pillow member 10 formed on the bottom of the recess in casing 5. 
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Crystal blank 2 is not fixed to pillow mennber 10. A side wall which defines 
the recess in casing 5 has a step near the other of the opposite ends of 
crystal blank 2, and a circuit pattern is disposed on an upper surface of the 
step. Other extension electrode 4 of crystal blank 2 is electrically connected 
5 to the circuit pattern on the step by wire bonding with gold wires 9. 

Specifically, substantially rectangular crystal blank 2 is fixed in position by 
eutectic alloy 8 nearly at a midpoint on one of shorter sides of substantially 
rectangular crystal blank 2, and electrically connected by wire bonding nearly 
at a midpoint on the other shorter side of substantially rectangular crystal 
10 blank 2. 

Though not sown in the figure, a pair of mounting terminals is 
disposed on the outer surface of casing 5 and used to surface-mount the 
crystal unit on a wiring board. The mounting terminals are electrically 
connected to extension electrodes 4 of crystal blank 2 through via holes or 

15 the like that are defined in casing 5 and the circuit pattern referred to above. 

With the above arrangement, crystal blank 2 has one fixed end joined 
to the bottom of the recess in casing 5 by eutectic alloy 8 and the other free 
end electrically connected by wire bonding. Even if casing 5 and crystal 
blank 2 have different coefficients of thermal expansion, no undue stresses 

20 occur between casing 5 and crystal blank 2 because crystal blank 2 has a 
free end opposite to the fixed end thereof. Therefore, crystal blank 2, 
particularly the vibrating region thereof, is free of strain, and hence maintains 
its good vibrating characteristics, particularly, frequency vs. temperature 
characteristics. As no electrically conductive adhesive is used to fix crystal 

25 blank 2 to casing 5, no organic gas component is emitted, allowing crystal 
blank 2 to maintain good aging characteristics. 



Various changes and modifications may be made to the embodiment 
of the present invention which has been described above. In the illustrated 
embodiment, extension electrodes 4 extend toward the respective opposite 
ends of crystal blank 2. However, extension electrodes 4 may extend toward 
5 any two outer peripheral positions on crystal blank 2. For example, 
extension electrodes 4 may extend toward two locations on respective 
opposite sides on one end of crystal blank 2. In such a modification, one of 
the extension electrodes is fixed to the bottom of the recess in casing 5 by 
eutectic alloy 8 and connected to the circuit pattern, and the other extension 

10 electrode is connected to the circuit pattem by wire bonding. 

The crystal blank in the illustrated embodiment has hole portion 1 
defined in one principal surface thereof, providing the vibrating region. 
However, the crystal blank may have hole portions defined In the respective 
principal surfaces thereof, providing the vibrating region. 

1 5 Eutectic alloy 8 by which to secure crystal blank 2 to the bottom of the 

recess in casing 5 may comprise AuGe (gold-germanium) alloy, AuSi (gold- 
silicon) alloy, or the like, rather than AuSn alloy. Basically, an inorganic 
material having a melting temperature lower than 573 ^C, which is the phase 
transition temperature of the quartz crystal, may be used to fix crystal blank 2 

20 to casing 5. 



